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ARRAY PROCESSOR TEST .= THROUGH FORTRAN'S BASIC ELEMENTS.
' CODED BY Y.KARAKI

ACI)=PAl

. ACI>=B(I)

ACI)=B(I)+ C(ID

ACIH=B(I)* C(I)

ACI)=B(I)/ C(I)

S =3 + B(ID

S. =8 ~+ B(I)*C(D)

S =5 +(BCIdY+CCIDI*(DCID+ECID)

9. ACI)=ACI>+ B(ID

10. ACI>=ACI>+ B(I)*C(D)

11. ACI)=ACID+(BCID+CCINI*(DCIX+ECID)

12. ACI)=ACI>+ BCI)*(CCI>+DCIX*ECI))D

13. ACI)=ACI)+ BCI)#CCCID+DCII*(ECII+FCII4GCIND)
14, ACI=ACID+ B(I)*(C<I)+D(I)*(E(I)+F(I)*(G(I)+H(I)*Z<I))))
15. ACI)=ACI)+ BCI)+C(ID+DCID+ECI)

16. ACI)=ACIY)+ BCID)+C(IX+D(I)*1.DO0+ECID>*1.D0

OD\IO\UIJNUJN—‘

Bi EABRIGIL-Tn—%
Zila. BARE RS (L-7"FX) (4B

ARRAY PROCESSOR TEST THROUGH FORTRAN'S ELEMENTS

Loop length N =10000

'NO. FLOP CTIME QOVERHEAD MFLOPS TiME/LOOP PERIODS

msec msec nsec

1 100. 0.84 0.0 119.156 8.4 0.6

2 100. 0.82 0.84 121.363 8.2 0.6

3 100. 0.82 1.46 121.363 8.2 0.6

4 100. 0.84 1.66 119.156 8.4 0.6

5 100. 1.66 1.46 60.125 16.6 1.2

6 100. 0.82 0.84 121.363 8.2 0.6

7 200. 0.63 1.66 319.688 6.3 0.4

8 400. 0.82 1.46 485.452 8.2 0.6

9 100. 0.41 2.50 242.726 4.1 0.3

10 200. 0.84 2.29 238.313 8.4 0.6
11 400. 1.68 2.29 238.313 16.8 1.2
12 400. 1.66 2.29 240.499 16.6 1.2
13 600. 1.66 3.97 360.749 16.6 1.2
14 800. 2.72 4.99 294,544 27.2 1.9
15 400. 1.25 2.29 319.688 12.5 0.9
16 600. 1.66 2.29 360.749 16.6 1.2
4700. 19.15 32.30 3763.245 191.5 13.7

AVERAGE MFLOPS = 235.203 Mflops



Blo BEBRoks (iL-7°%20)

CTEXRTR)

TIME/LQOP PERIQODS

nsec

64.5
87.6
87.4
100.1
154.1
97.8
98.1
118.7
87.4
95.8
120.8
122.8
133.4
170.9
108.3
141.6

1789.6

Loop Length N = 20

NO. FLQP CTIME QOVERHEAD MFLOPS
msec msecC
1 100. 6.45 13.34 15.493
2 100. 8.76 25.41 11.417
3 100. 8.74 26.67 11.437
4L 100. 10.01 26.66 9.990
5 100. 15.41 26.67 6.489
6 100. 9.78 25.42 10.224
7 200. 9.81 26.66 20.384
8 400, 11.87 26.67 33.695
9 100. 8.74 33.34 11.437
10 200, 9.58 33.54 20.871
11 400. 12.08 33.54 33.099
12 400. 12.28 33.34 32.564
13 600. 13.34 38.54 44.990
14 800. 17.09 £1.87 4L6.811
15 400. 10.83 33.54 36.922
16 600. 14.16 33,34 42.372
4700. 178.96 478.55 388.198
AVERAGE MFLOPS = 24,262 Mflops

Bl BA5 %ok x CL—7°K50)

. Loop length N = 50
NO. FLOP CTIME OVERHEAD MFLOPS
msec msec
1 100. 3.13 5.20 31.969
2 100. 3.97 10.62 25.206
3 100. 4.17 11.46 24,006
4 100. 4.59 11.44 21.773
5 100. 6.88 11.67 14.531 .
6 100. 4.38 10.62 22.835
7 200. 4.17 11.67 48.012
8" 400. 5.20 11.67 76.875
9 100. 3.75 14.79 26.641
10 200. 4,17 14.79 48.012
11 400. 5.20 14.80 76.875
12 400. '5.22 14.79 76.650
13 600. 6.24 17.72 96.141
14 800. 7.72 19.79 103.614
15 400, 5.83 14.59 68.624
16 600. 6.27 14.57 95.673
4700, 80.89 210.19 857.436

AVERAGE MFLOPS = 53.590 Mflops

TIME/LQOQP
nsec

31.3
39.7
41.
45.
68.
43,
41,
52.
37.
41.
52.
52.
62.
77.
58.3
62.7
808.9
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Loop Length N = 100
NO. FLOP CTIME OQVERHEAD MFLOPS TIME/LQOOP
msec msSec nsec
1 100. 1.88 2.72 53.281 18.8
2 100. 2.50 5.62 39.961 25.0
3 100. 2.50 6.67 39.961 25.0
4 100. 2.29 6.88 43,691 22.9
5 100. 4 .17 6.67 24.006 41.7
6 100. 2.72 5.62 36.818 27.2
7 200. 2.70 6.67 74.052 27.0
8 400. 2.70 6.88 148.104 27.0
9 100. 2.30 8.74 43,401 23.0
10 200. 2.49 8.76 80.412 24.9
11 400. 3.34 8.74 119.700 33.4
12 400. 3.31 8.76 120.804 33.1
13 600. 3.77 10.62 159.197 37.7
14 800. 4.79 12.50 166.971 47.9
15 400. 3.56 8.74 112.508 35.6
16 600. 3.74 8.76 160.496 37.4
4700. 48.75 123.34 1423.363 487 .5
AVERAGE MFLOPS = 88.960  Mflops
Ble EA8BoRS (1L—-7"%K300)
Loop Llength N = 300
NO. FLOP CTIME QVERHEAD MFLOPS TIME/LOQP
msec msec nsec
1 100 1.02 1.05 97.717 10.2
2 100. 1.25 2.29 79.842 12.5
3 100. 1.05 3.33 94.885 10.5
4 “100. 1.45 3.13 68.916 14.5
5 100. 2.29 3.13 43,647 22.9
-6 100. 1.25 2.50 79.842 12.5
7 200. 1.46 3.11 136.397 14.7
8 400. 1.45 3.34 275.665 14.5
9 100. . 1.25 4,17 79.842 12.5
10 200. 1.25 4,38 159.684 12.5
11 400. - 2.09 4,36 191.155 20.9
12 400. 2.06 4.18 193.987 20.6
13 599. 2.50 5.83 239.526 25.0
14 799. 2.91 7.51 274.222 29.2
15 400, 2.08 4,38 192.560 20.8
16 599. 2.29 4.17 261.882 22.9
4695, 27.66 60.85 2469.768 276.9

AVERAGE - MFLOPS = 154.361

Mflops
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BAuzdnil. S—810om% - % & 15120 MFLOPS n ik
(MFLOPS = Milliom Tlooting ~poimt o‘;m&m PCr Second)

sThVHBE s %o ¥H o 6o MFLOPS T”HA, T7 035 %
CTi1E, R H320 MFLOPS - #KF04Y 240 MFLOPS - $44u
120 MFLOPS TH 2. (32147 87°%4 s HAP(pP) . )

kGIBRE b e HBARAR I —frcE v, 10 . NHiz %R
BEIAK 0 430 MFLOPSE I L ¢ . 518M0% o 320 MFLOPS
 THRoMmEY o 360 MFLOPS T © KBIR o0 2 ~ 4433 1%
SnTuwn, | |

WhoZf1 75— 0RE R4 MFLOPS THHH 5 10
o7k, 2timE 30, SHBmE <gon
Biditsinn, ((BL. 5180k a0 277 — & %11 $910nriops)

7~ 9 #x% IR 7513 120 MFLOPS, T& 5.,

$A8%160- 70 Rk Bz 235 MFLOPS o
THY) . AN 55— FHE B *'{4@%0&%;}“”7“ (ﬁ”ﬁf%ﬁ)

Blo~e 5. 2-4 . FPogrsacihB S iEnnr
L-TRcaBrtad. B, noTRksoT 44
2 5MFLOPS . - 7" % 4100 T 40 MFLOPS . 1L—7°FK
300 © #1100 MFLoPs Lfis T, IL—77k300
I RsE Ao LA (A120MFLoPsd i LT vwa s
whmn. - 7"%300 n VIR A 154 MFLOPS THA,



133

psec
50 — .
A | - e NOWAP T
R auar |
iy 4or | | | |
BY | B |
YE} 30 F " /
VERN : g
%‘ . /zna-ﬁz@"
U 20"
g
10 |-
NG ST 4351
1:/ T I i ! .:- { 1 1 |
0 % 20 40 60 30 100
ETE L 0k (W)

M2 S—%10 a0 NoM/2A75 - 2038 5 stk

EATEFM I, o 35RO L T°
Do 10 I=1N
40 ACI) = ACT) + B(I) ¥ C(I)

TRIZLI=L0E 7% LT W,
Ao =7 ZIn-7°% 13, %5 4TH%H,

B2, N7 0Ly R 5 -2 o BeTegm b L~

_ Y23 B e AHS -2 R B AT XIH
Bo mﬁﬁ\iﬂ—‘?o ;:--7"%:. 'Ellb-"?"%:tv@&»"o Ao &3 )

%iw-f%w\ﬁﬁﬁif4~8~%mﬁﬁfz~5f
BHote, $850 - 7o ZRAKB) EVEAWT _ 2ER KRV,



200

2. BB 155

S_MORFORTRANID S I¥M 5 FORTIT/HAP
AR T H BB K (AR M%) nfscizowe, EThelh
Bes®EL 1=,

B2a~d 15, BERKo N7 LERBLAN T - &
AR Rl oThn,

B2o. EAMRE R (AR EE)

Speeds of Mathematical Functions on HITAC S-810/20
Real Function in FORTRAN 77 (Double Precision)

Func Vector Scalar. Ratio Range
nsec nsec S/V
DEXP 166.7 4041.7 24.2 IxI< 20
DLOG 250.0 3791.7 15.2 0 < x < 20
DLOG10 270.8 3875.0 14.3 0 < x < 20
DSIN 166.7 3520.8 21.1 Ixi< 20
187.5 3041.7 16.2 Ixl< pai/2
DCOS 187.5 3437.5 18.3 Ix1< 20
166.7 2937.5 17.6 Ix1< pai/2
DTAN 7791.7 7812.5 1.0 Ixli< 20
7729.2 7791.7 1.0 Ixl< pai/2
DARSIN 8520.8 8520.8 1.0 Ixi< 1
DARCOS 8541.7 8604.2 1.0 Ixl< 1
DATAN 250.0 5875.0 23.5 Ixl< 20
229.2 5729.2 25.0 Ixl< v2=1
DATANZ 354.2 7166.7 20.2 Ixl< 1
DSINH 8375.0 8416.7 1.0 Ixl< 20
' 3479.2 3520.8 1.0 Ixi< 1
DCOSH 8812.5 8791.7 1.0 Ixl< 20
8687.5 8604.2 1.0 Ixi< 1
DTANH 187.5 8312.5 44.3 Ixi< 20
f 187.5 - 4645.8 24.8 Ixl< 1/2
DSQRT 208.3 4000.0 19.2 0 < x < 20
NOTE
The value of speed is the CPU time per operation
of ACi) = Func(X(i)) . The speed is the average of

10000 times .



201
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Speeds of Mathematical Functions on HITAC §-810/20
Real Function in FORTRAN 77 (Single Precision)

EXP
ALOG
ALOG10
SIN
cos
TAN
ARSIN
ARCOS
ATAN

ATAN2
SINH

COSH
TANH
SQRT

NOTE

of ACi)D

Vector

— - —— - - — o — o — = . S A e e W e N A M e - ——

10000 times

WWOOOIOWOWWUONUVOOOONNO

Scalar

s e e e 4 e % s s e & e » & & e s e e s
N OWNNOOWOOINWUINOUVWONNWWT

Ratio

39.
28.
17.

v e e e « e e )
OCVOOOOOWMAPFHPOOO0OOCUVINNOUVO

REAL 13 1~0M%

Ixl< 20

<. x <
< x <
Ixl<
Ixl<
Ixi<
Ixi<
Ix1<
Ix1<
Ixi<
IxiI<
Ix1<
Ixl<
Ixl<
Ixl<
Ix1<
Ixl<
Ixl<
I x1<
Ix1<
0 < x <

20

20

20
pai/2
20
pai/2
20
pai/2
1

1

20

v2 -1
1

20

1

20

1

20
1/2
20

The value of speed is the CPU time per operation
Func(X (i)

The speed is the average of
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Speeds of Mathematical Functions
on HITAC S-810 model 20 ¢ FORT77 / HAP )
Complex Function in FORTRAN 77

Func Vector Scalar Ratio
nsec nsec S/V
CEXP 375.0 13729.2 36.6
CLOG 645.8 13833.3 21.4
CSIN 437.5 15062.5 34.4
cCos 458.3 14895.8 32.5
CSQRT 500.0 14125.0 28.3
CDEXP 395.8 17583.3 Lb 4
CDLOG 687.5 15979.2 23.2
CDSIN 458.3 19166.7 41.8 -
¢DCOosS 437.5 18916.7 43,2
CDSART 562.5 15812.5 28.1

NOTE
The value of speed is the CPU time per operation
of ACi) = Func(X(i)) . The speed is the average of
10000 times

24 B30k X (KRR GOS0

Kumikomi Kansuu no Jikan Sokutei (S-810) DATE 83?11—22

Func Vector Ratio Scalar
IDINT 20.8 nsec 26.0 541.7 nsec
DFLOAT ~ 20.8 nsec 29.0 604.2 nsec
DINT 20.8 nsec 12.0 250.0 nsec
DNINT 20.8 nsec 23.0 479.2 nsec
DABS 20.8 nsec 12.0 250.0 nsec
DMOD 41.7 nsec 30.0 1250.0 nsec
DSIGN 20.8 nsec 21.0 437.5 nsec
DDIM 20.8 nsec 11.0 354.2 nsec
DMAX1 ~ 41.7 nsec- 9.5 395.8 nsec
DMIN1 41..7 nsec 8.5 354.2 nsec
DBEKI 270.8 nsec 14.4 3895.8 nsec
REAL . 41.7 nsec 7.0 291.7 nsec
AIMAG 20.8 nsec 13.0 270.8 nsec
CMPLX 20.8 nsec . 16.0 3233.3 nsec
. CONJG 20.8 nsec 14.0 291.7 nsec
CABS 208.3 nsec - 39. 4 8208.3 nsec
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Error Bounds of Mathematical Functions on HITAC $-810/20 ¢ FORT77/HAP ) .
in FORTRAN 77 ( Double Precision )

Real Function

Range

Func Rel / Abs Vector Processing Ratio
Max.Error ( place v/S§
DEXP Rel.Error 2.031E~16 (=1.379E+01> 1.1 Ixlg 20
bLOG Rel.Error 1.966E-16 ( 2.944E+00) 1.0 -0 < x £ 20
DLOG10 Rel.Error 2.296E-16 ( 1.162E+00) 0.9 0 < x £ 20
DSIN Rel.Error . 2.020E-16 (¢ 6.360E-02) 1.0 . Ix1< pai/4
Abs.Error 2.895E-17 (-2.344E+00) 1.0 ~20 £ x <-pai/é
Abs.Error 2.621E-17 C 1.046E+01) 1.0 pai/é < x £ 20
DCOS Abs.Error 2.998E-17  (~1.644E+01) 1.0 Ixl< 20
Abs.Error 2.264LE-17 (-8.407E-01) 1.0 Ixl< pai/2
‘DTAN Rel.Error 2.298E~16 (~6.988E-02) 1.0 Ixl< pai/é4
Rel.Error 4,287E-16 (-1.877E+01) 1.0 -20 § x <-pai/é4
Rel.Error 4.177E-16 C 3.075E+00) 1.0 pai/4 < x £ 20
DARSIN Rel.Error 2.050E-16 ( 6.543E~-02) 1.0 Ixl< 172
Abs-.Error 2.183E~16 (-9.038E-01) 1.0 -1 < x €-1/2
Abs.Error 2.175E-16 (C 8.729E-01) 1.0 172 £ x <1
DARCOS Abs.Error 3.354E-16 (-6.010E~-01) 1.0 Ix1< 1
DATAN Rel.Error 2.848E~16 (¢ 1.T702E+00) 1.0 Ixl1g 20
' ) Rel.Error 2.210E-16 ( 6.990E-02) 0.9 Ixl< y2-1
DSINH Rel.Error 3.289E-16 (-1.740E+01)> 1.0 IxlL 20
) Rel.Error 2.003E-16 ( 7.043E-02) 1.0 Ixl< 1
DCOSH Rel.Error 3.231E-16 (C 1.748E+01) 1.0 Ixli< 1
Rel.Error 2.079E-16 (~6.244E-02) 1.0 Ixl< 20
DTANH Rel.Error 2.627E-16 ¢ 1.401E-01) 2.1 Ixlg 20
Rel.Error 3.801E-16 ( 1.024E~01> 2.3 Ixl< 1/2
DSGQRT Rel.Error 1.768E-16 C 1.222E+00) 1.8 0 < x £ 20
NOTE

Rel.Error
Abs.Error

DFUNC(x>=-QFUNC{x>

b/

DFUNCC(x)>-QFUNC(x) |

DFUNC<xJ I

Function of Double Precision
Function of Quadruple Precision .

DFUNC := Mathematical
QFUNC := Mathematical

length ( REALx*8 )
tength ( REAL*16 )

64 bit data
128 bit data

Double Precision
Quadruple Precisioﬁ

¢ -
i =
=
o=

Ratio = Max.Error ¢ Vector ) / Max.Errvor ( Scalar ) .

Max.Error is the maximum of errors for 1000 points of equi-interval .
Ptace shows the value of the variable ( x ) at which the error beconmes
maximum in test .

B3ab i, IR R E T3, 2775 — 28, R
ren T, HEWSIME (BRBE) N2 LR o R IR
FawR s B DSORT, PTANH, SORT, EXP
~ TANHR U T# 2480 YMhEEmR T wh, Lo LITees
BN L EEABERT B, TS bt Kon
Yy . T, R~ eNy7 Lo MERRSRER
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Error Bounds of Mathematical Functions on HITAC S-810/20 ( FORT77 / HAP ) .
in FORTRAN 77 C( Single Precision )

Func

EXP
ALOG
ALOG10
SIN
cos

TAN
ARSIN
ARCOS
ATAN
SINH
COSH
TANH

SQRT

NOTE

GEXP (B-1), ALOGA0 (& -4)  SIN,

Rel / Abs

Rel.Error
Rel.Error
Rel.Error
Rel.Error
Abs.Error
Abs.Error
Abs.Error
Abs.Error
Rel.Error
Abs.Error
Rel.Error
Rel.Error
Abs.Error
Abs.Error
Abs.Error
Rel.Error
Rel.Error

‘Rel.Error

Rel.Error
Rel.Error
Rel.Error
Rel.Error
Rel.Error
Rel.Error

Rel.Error
Abs.Error

Single Precision
Double Precision

Ratio =

Real Function

Vector Processing

Max.Error

9.390E-07
. 8.972E-07
8.980E-07
8.116E-07
1.027E-07
1.018E-07
1.020€-07
1.010E-07
1.600E-06
1.904E-06
2.083E-06
5.770E-07
9.483E-07
9.400E-07
1.245E~-06
8.546E-07
9.024E-07
8.812E~07
8.058E-07
9.728E-07
9.905E-07
3.817E-07
8.558E-07
8.156E~07

FUNC
DFUNC :=

.
L.
.
1

( place )

.S545E+00)
.824E+00)
.065E+01)
.143E-02)
.496E+00)
.156E+01)
.868E+00)
.640E-01)
.519E-02)
.263E+01)
.075E+00)
345E-02)
.716E-01)
.855E-01)
.090E-01>
.822E+00)
329E-02)
101E+00)
830E-01>
030E-01)
.306E+00)
.403E-01)
.542E-02)
.242E+00)

AN AAANANANANAANAANAANANAANANAANANAAAA
1 ’ 1
SO ONNO LN =L O0O0OON WA= N AN WU

i

e o s .

| FUNCC(x)=DFUNC(x)> | / 1
I FUNC(x)-DFUNC(x)> |

t= Mathematical Function of single precision
Mathematical Function of double precision

* Scalar Processing

Max.Error

4.556E-07
8.972E~07
1.208E-06
7.482E-07
1.389E-07
1.493E-07
1.351E~-07
1.140E-07
1.600E-06
1.904E-06
2.083E-06
5.770E-07

9.483E-07

9.400E-07

4.157€E-07

FUNC(x) |

32 bit data Length ( REAL*4 )
64 bit data length ( REAL=*8 )

¢ place )

L111E+01)
.824E+00)D
.053E+01)
.515E-02)
.304E+00)
.029E+01)
.956E+01)
L119E-01)
.519E-02)
L.263E+01)
.075E+00>
.345E-02)
L716E-01)
.855€E-01)
.090E-01)
.982E+00)
.411E-02)
.1T01E+00)
.830E-01)
.030E-01)
.306E+00)
1.002E-01)
CT42E-02)

1
¢« 2
1
(-6
(-2
1
-1
¢ 7
C 6
(-1
«3
( 6
(-9
«9
(-4
¢ 1
¢ 6
(-1
C 8
7
¢ 6
(G
(-6
¢ 1.062E+00)

Max.Error ¢ Vector ) / Max.Error ( Scatar ) .

205

Ratio
v/Ss

o e e e s e e e e s e o o e o

..

NN S e ed ed 2 A Ot d d OO0 O =N
OCOoOVOO0OO0OO0O—"MO0O0O0OO0QCQOUVNN-=NO=

.« o .

Max.Error is the maximum of errors for 1000 points of equi-interval .

The range of variable ( x ) is equal to the test on doﬁbte precision .
( See the Table 3a .

THhrLwLA, BIBVa 12, BRI N=R3ko T, 4
BoRLtzbotAEabomwBinnleTHn, Hlz

COS. TANH (8-14%)  SORT (& %) sy sxh
&L LTwhaoziiLe, ALOG( & - %) \DSIN
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% %,
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CIEKEREE Ry s Y. B It A2, —
Jod v, RALZGA-whEAEo Ry, T uh,

630 — LETMRFLOPSAnRELIZ., T2 Y491
D=V 2F T (%R 03R4L (678F) RU 2~ F'q » 4o
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Sigpthe 6 8 7 MFLOPS (FORTRANfSHIE)
MR REREARG (2500, MESESBECKET 5.
® & hOESTHMILL, BEETHET 5

HREFN.

& 20°C 1) (L) Im)
(O,ym) yd / /
/]
y ZEE (f(x, 1)) A
g 77 50 -
7 it
;__ vx_, / / ....Uxa/
20°C / ()
&y ; /] Aé/ g4 L
g ® #
A -
L A,B.C3&DEE .
(0,0) A H L
T T X
20°C () (Xm, 0)
FLOBER (2 KT
*EAER
D-g%—diV(k(¢)grad¢)+ v-gradd+C (¢—¢) =1 (x, t)
TSR
6 =20°C s t=0
R (
¢ = 20°C on I} (BEEREMH
24 .0 on I (AR
HEDITHK , .
6 BE GREIED 6o ; IBELKBRE (200)
¢ k($); BMEBEE (B 6 IR
f(x, 0); RME C : MZEEN CERO

S BRI 0= (vy, vy)T; Gl (v RER 243 0.0)

BAUL I I 2R ETIWIE. 544X (204-2)a
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BB Ch 2 H 1, PRt —RTALL T 10" 0
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"

800 MFLOPS
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neec
ZUboﬁK>Z?Aﬁ\75>ﬂ47wwﬁLb\?%n
WO - THEFES 857 MTFLOPS Thar, Ll
X AETEB 3T RIBATIIECH Y 23R T DY TA

0Q 3 I=1sN
~ S§S1= Sl*(A(I)+5
S2=52+(A(1)-8
S3= 53+(C(I)+D
. S4=S4+(C(])-D
3 CGNTINUE

T, N= 410 ot%h
T6561 MFLOPS
DEAEEE o s 1390 1= (1483 % 11818 FHi 585,
s, (3R (bhevbh) RE<EB IRl T RALT
Hrotkkoithhis LDC (hew 2050 40 0 MFLOPS
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4. 488 H o 150

&-BA0 =511k, ﬁﬁzmﬁﬁﬁzm@ﬂmém*ﬁﬂ
P55 a4 B IHRAT o (Fe4 708D

300w RIA ATl 0B L -2 P HATE . 53 ¥

No1Ap —i%, IAPJLM $-840 £ ‘“’ $-810

Lfin, HDLPPM CMATEI%/HAtho'I)w £ 13 xs&h 200 MFLOPS
CHro

2007 » BRAEW B ( ZEAIE - BI7AN 2 W) T8,
2K 0 BPF 1A 4 i~'MLm 8% CH o T2, HDESIM (
MATRIV/WAP 74759 ) i3 E3 24388 » TWEe &) BT

Who BIRRE 13w S-F10: 18, ORB S (BT A,
k4 25UWHE 115 H» S-840/200 5E4R.

Table 4. Comparison of Through-put on Linear Algebraic Problems.
| Subroutine | HITAC M-280H I HITAC §5-810 | NOTE
i Name | NOIAP IAP | model 20 | ( Method )
————————— b e o e e e e o e e O e o e o i e
i S | sec sec ! sec |
Linear | ¥DLF1M I 4.180 1.248 | 0.327 | Gauss elim.
Equ- | ¥DLK1M | 4.170 1.257 | 0.330 | Block Gauss
ation | ¥DLF2M | 2.105 0.565 l 0.188 | Mod.Cholesky
¢ 300 > | DLNSN3 I 15.093 10.727 1 7.503 | Gauss Jordan
C ox )| HDLPPM | —ememe | ee—eee | 0.062 I S-810 method
¢ 300 > | ! | I (M.Chol.type)
————————— R il aiiaatal ekttt e T e it e T Ty p———
I | sec sec | sec |
Eigen I ¥DEF2M I 11.655 5.423 | 3.483 I Hous/Bis/Inv
Value | ¥DEF1M | 8.347 - 5.152 | 1.042 I Doub.QR/Inv
Problem | DEIGN1 1 113.903 108.588 | 97.518 I Jacobi
¢ 200 > ¥DEF6M I 14,012 7.505 | 2.250 I Hous/QL
¢ x )1 HDES1M | mememmee | ceme——e— | 0.832 | S-810 method
¢ 200 > + ] | | (Hous.type)
Observation Date 82.11.13 ; 83.11.7
Computer Center  Univ.Tokyo Univ.Tokyo
NOTE

The resolved matrix is the dense matrix of double precision, for example,
the Frank's matrix of ACi,j)=N+1-Max{i,j) . :
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Table 5. Speed-up Technique for S-810 model 20 .
DO loop Speed
Do 1 J=1,N
DO 1 I=1,N
c(1,J)=A(1,J)+B(I,J) HAP 18.00 MFLOPS
1 CONTINUE . HAP (PP) 21.60 MFLOPS
DO 2 J=1,N,2
DO 2 I=1,N
c(1,J )=A(I,J )+B(I,J ) HAP 28.80 MFLOPS
2 C(I,J+1)=A(I,J+1)+B(I,J+1) HAP(PP) 33.23 MFLOPS
DO 3 J=1,N,3 ‘
DO 3 I=1,N
c(x,J )=A(I,J )+B(I,J )
C(I,J+1)=A(I,J+1)+B(I,J+l) HAP 39.27 MFLOPS
3 C(I,J+2)=A(1,J+2)+B(I,J+2) HAP (PP) 36.00 MFLOPS'
DO 4 J=1,N,4
DO 4 1I=1,N
C(I,Jd )=A(I,J )+B(I,J )
C(I,J+1)=A(I,J+1)+B(I,J+l1)
C(I,J+2)=A(I,J+2)+B(I,J+2) HAP 39.27 MFLOPS
4 C(I,J+3)=A(I,J+3)+B(I,J+3) HAP(PP) 39.27 MFLOPS
DO 5 K=1,N*N :
~ CC(K )=AA (K }+BB (K ) HAP 54.00 MFLOPS
5 CONTINUE HAP (PP) 144,00 MFLOPS
*VOPTION VEC
DO 6 K=1,N*N
I=II(K) ; J=3J(K)
C(I,J)=A(I,J)+B(I,J) HAP 21.60 MFLOPS
6 CONTINUE HAP (PP) 25.41 MFLOPS
N2=N*N/2
DO 7 K=1,N2
CC(K )=AA (K )+BB (K )
CC(K+N2)=AA(K+N2)+BB (K+N2) HAP 108.00 MFLOPS
7 CONTINUE HAP (PP) 144.00 MFLOPS
NOTE N is equal to 30 in the above DO loops ( N = 30 ) .

The test was done on HITAC S-810 model 20,

at Computer

Centre, University of Tokyo, in Nov.l15, 1983 .
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5.

Table

S840 EgiLiesk (4r7ath)

Speed-up Technique for S-810 model 20 .

DO loop

CONTINUE

(1,3)+A(I,K)*B(K,J) HAP
. HAP (PP)

21.65 MFLOPS
21.02 MFLOPS

DO 2 J=1
i DO 222 K=1,N
C(K,J)=0.D0

222

333

DO 2 1I
DO 2 K

,N

=1,N
=1,N

C(K,J)=C(K,J)+A(K,I)*B(I,J) HAP

CONTINUE

32.08 MFLOPS
39.33 MFLOPS

DO 3 J=1

,N,2

DO 333 K=1,N
C(X,J )=0.DC
C(K,J+1)=0.D0

. DO 31
DO 3 K

C(K,Jd

=1,N
=1,N

)=C(K,J )}+A(K,I)*B(I,J )

C(K,J+1)=C(K,J+1)+A(K,I)*B(I,J+1)

HAP
HAP (PP)

37.62 MFLOPS
30.64 MFLOPS

444

DO 4 J=1

/N, 2

DO 444 K=1,N
C(K,J )=0.D0
C(K,J+1)=0.D0

DO 4 1
DO 4 K

=1,N,2
=1,N

C(K,J )=C(K,J )+A(K,I)*B(I,J )+A(K,I+1)*B(I+1,J )
C(K,J+1)=C(K,J+1)+A(K,I)*B(I,J+1)+A(K,I+1)*B(I+1,J+1)

CONTINUE

HAP
HAP (PP)

DO 666 J
DO 666
sl

DO 6 K
s1

s2

=1

r
r
=0.D0
=1l,N .
=S1+A(I ,K)*B(K ,J )
=S2+A(I+1,K)*B(K ,J )

(N, 2
I=1,N,2
; $2=0.D0 ; S3=0.D0 ; S4=0.DO

§3=S3+A(I ,K)*B(K ,J+1)
S4=54+A(I+1,K)*B(K ,J+1)

c(1,d
c(I,J+1

)=§1.; C(I+l,J )=52 HAP
}=83 ; C(I+l,J+1)=54 HAP (PP)

101.65 MFLOPS
93.24 MFLOPS

61.42 MFLOPS
44.46 MFLOPS

e o e e ot e e m e

N is equal to 30 in the above DO loops ( N=30 ) .
The test was done on HITAC S-810 model 20, at Computer
University of Tokyo, in Nov.15, 1983 .
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Lbo BEAREEI LBk (N7 &1L 22se)

Table Comparison of through-put between Very High-Speed computers.
Vector Processing for Basic Operations.

No. | DO loop | Through-put ¢ CPU time >
I : I
e e s ———— +-CRAY-=-==—~ HITAC-==~~~ NEC-==~--- CDC-=mm e HITAC-~
! | CRAY~-1 M-280H ACO0S1000 Cyber205 $-810
| ! IAP IAP 2 pipes model 20
- . o - . - e - - - o i 0 —— T~ —— - - - - " T~ = o
| | nsec nsec nsec nsec nsec
| : !
1 1 AGid=1, I 31.3 32.8 131.0 11.1 8.5
2 | ACGIO=BC(i) i 31.3 30.7 131.0 1.9 9.1
3 1 ACID=B(i)+10, o1 32.5 29.8 132.0 12.0 9.2
4 L ACI=BCId+CCD | 46.2 41.6 130.0 11.7 9.2
5 1 ACid)=BC(i)*10, I 32.5 31.0 133.0 11.9 9.4
. 6 1 ACI)=BCid)*C(i) I 46.2 43.9 130.0 11.6 9.2
7 1 ACi>=BC(i>/10. I 46.2 32.2 1022.0 11.9 9.4
8 | ACid=BCi)/CCi) | 90.0 425.7 1021.0 33.4 20.6
9 1 ACi>=SINCB(i)) { 392.5 2270.1 4443.0 1047.5 196.3
10 | ACiD=BCid)*CCi)+DCi> | 62.5 96.5 273.0 23.1 11.0
Observation Year 1977 1982 1982 1982 1983
Date Ref.®© Sept.10 July Oct. Oct.31
Place Cray Inc. U.Tokyo U.Tohoku cDC U.Tokyo
Data Length (bits) 64 32 36 64 64
NOTE

The through-put value is the CPU time per operation for each DO loop
of lLoop length 1000

6bv HamAlbtastht (AH 5~ 2232)

Table . Comparison of through-put between Very High-speed Computers .
) Scalar Processing for Basic Operations .

No. ! DO loop | Through—-put ¢ CPU time )
Rl R et | ~=FACOM====— NEC—-===~ HITAC-=~-- CRAY-~~--CDC~-~
i I M-382 AC0S1000 S-810/20 CRAY-1 CYBER20S
i | nsec nsec nsec nsec nsec
| |
1 1 AGiY=1, I 135.8 249.0 169.3 281.2 240.4
2 1 ACiIH=B1) I 197.0 317.0 196.8 387.5 341.3
3 1 ACid>=B(i)+10. I 212.0 318.0 252.7 462.5 320.3
4 | ACiI=BCid)+C (i) I 209.6 361.0 253.2 512.5 361.0
5 | ACGII=B(i)*10. I 213.4 354.0 308.6 475.0 320.1
6 | ACid=BC(id)*C(i) I 212.7 - 384.0 309.1 525.0 360.6
7 1 ACid)=B(i)/10. I 471.4 1022.0 308.8" 650.0 320.2
8 | ACGI=BCGiI)/CCiD I 467.0 1036.0 709.4 750.0 1180.2
9 | ACid=SINCB(i)) 1 1976.7 2644.0 3020.5 2476.2 3982.8
10 1 ACiDd=B(id*CCi)+DCid | 270.2 “477.0 364.8 650.0 380.2
Data Length ( bits ) 32 36 64 64 64
Observation Year 1982 1982 1983 1977 1982
Date Sept.6 July Oct.31 Ret. 6 Oct.
Place U.Kyoto U.Tohoku U.Tokyo Cray Inc. cDC
NOTE

The through-put value is the CPU time per Loop (loop length 1000) .
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Table Lawrence Livermore

NO. Do LOOP

1 Hydro excerpt

2 MLR, Inner pro.

3 Inner product

4 Banded Llin. eq.

5 Tri-diag. el.(b)
6 Tri-diag. el.(a)
7 Eq. of state ex.
8 P.D.E. integrat.
9 Integer predict.
10 Difference pred.
11 First sum.

12 First diff.

13 2~-D p. pusher

14 1-D p. pusher

Average

Data Length ¢ bit )
Observation Date

cbC

Cyber205

2pipes

[+ ] N> =
SAENOANWSNU=200W
WONOUWNOUO

w
o
0

64
82.10.

Loops

on Very High-speed Computers .
¢ Revised for machine-oriented ) '
Cray HITAC HITAC NEC
CRAY-1 $-810 M-280H AC0S-1000
model20 MP mode l40
~==AP-m————— AP-mmm = IAP-—====— IAP~~~-
MFLOPS MFLOPS MFLOPS MFLOPS
70.3 248 .1 25.4 12.7
48.1 - 326.5 32.0 14.1
66.8 309.7 32.0 14 .1
39.6 105.1 17.9 13.4
7.8 34.9 8.1 7.4
6.5 35.6 8.4 11.3
82.5 259.6 22.0 13.5
41.9 111.5 10.6 9.2
80.1 226.0 14.1 11.6
20.5 62.0 3.8 2.4
5.8 36.1 6.5 5.7
23.1 101.1 15.5 8.1
3.6 7.6 1.6 1.9
7.2 12.1 2.5 3.1
36.0 134.0 14.3 9.2
64 64 32 . 36
81. 83.11.19 82.5.24 82.8.26
Cray Inc. Hitachi U.Tokyo U.Tohoku

Computer Center
Average =

- NOTE

¢DC Min.

Total sum of each MFLOPS / Number of LOOPs (14)

The MFLOPS values were obtained
except for CRAY-1 test of 1000 times
. IAP=Integrated Array Processor .

,AP=Array Processor
MP=Multi-Processor

by averaging

»’%‘77 b NNETFIL-7°a lEFEmL % o sL %

Table Comparison of Mean Speed between Array Processors .

Machine Name

Through=-put

o 2 S o e o = o A = O T S (o A e e T G e TR o P M S e o e o e 8 4 s e e S S

Cray CRAY-1
cocC Cyber 205
HITAC $-810 / 20

HITAC M-280H IAP

original fastest n
MFLOPS MFLOPS
26.23 35.99
26.36 36.93

109.29 133.99 1
11.57 14.32
.31 9.18

NEC ACO3S5=1000 IAP

MFLOPS

24,60

13.64

72.9
71.4
81.6
80.8

79.6

e o o 5 ot o o o > 0 T o o o T A8 o e S 0 R e e R o o e =

NOTE

The through-put value is the average of MFLOPS's for the Lawrence

Livermore Laboratory's 14 kernels
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tests of 10000 times
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e

11 R 4242 ( 286) £9. 4 40. 4 81. |
12 B 3901 (334) 85.3 43.1 883
5 S-%0ZVPVERE _, ‘
ARE vPOMAR - T romm

VvPURIA % x 1ok % x 100

(U -vpud %) + vPuA X x k%
Choikd = 10 CARZE - - 7° K501~ )
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